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ABSTRACT  O-Ethyl S-hydrogen isoquinolin-1-ylcarbonothioimidate was synthesized and its 
structure was characterized by IR, MS, 1H NMR, elemental analysis and single-crystal X-ray diff- 
raction. The crystal belongs to monoclinic, space group P21/c with a = 10.9471(19), b = 9.3968(17), 
c = 10.6125(19) Å, β = 100.761(3)°, V = 1072.5(3) Å3, Z = 4, Dc = 1.439 g/cm3, F(000) = 488 and µ 
= 0.279 mm–1. A total of 7763 reflections were collected, of which 2090 were unique. The structure 
was refined to the final R = 0.0322 and wR = 0.0882 for 2016 observed reflections with I > 2σ(I). 
The crystal structure shows that there are intramolecular N–H⋅⋅⋅S hydrogen bonds and π-π stacking 
interactions between adjacent molecules. 
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1  INTRODUCTION 
 
Isoquinoline and its derivatives have attracted 
much attention due to their physiological and phar- 
macological activities including antibacterial, antitu- 
mor, etc[1~3]. A lot of investigations in this field have 
been focused on the syntheses and applications in 
physiology and pharmacy of isoquinoline and its 
derivatives[4, 5]. Recently, a novel class of 1-subs- 
tituted isoquinolines or triazoloquinazolines deriva- 
tives have been identified as potential antagonists for 
the human adenosine A3 receptor[6~8]. Their poten- 
tial applications have attacked much attention to the 
synthesis of 1-substituted isoquinoline or triazolo- 
quinazolines derivatives[9, 10]. Here we report a new 
synthesis and structural characterizations of a 1- 
substituted isoquinoline derivative, O-ethyl S-hydro- 
gen isoquinolin-1-ylcarbonothioimidate, which was 
synthesized and isolated from “one pot reaction” of 
1-amino-isoquinolin and carbon bisulfide in ethanol. 
The single-crystal X-ray diffraction analysis reveals 
that the compound is in the form of inner salt in 
solid state. 
There exist two isomers, O-ethyl S-hydrogen car- 
bonothioimidate derivatives (enol) and thiocarba- 
mate derivatives (ketone), which are usually synthe- 
sized from the reaction of isothiocyanide and etha- 
nol[11, 12]. The crystal structure analysis shows an 
interesting result that the compound exists in an            
enol form and the proton transfer happens to form 
inner salt.  
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2  EXPERIMENTAL 
 
2. 1  Materials and apparatus 
1-Amino-isoquinolin was purchased from Aldrich 
and used as received. The other chemicals and sol- 
vents of analytical grade were purchased commer- 
cially and used without further purification. 
Elemental analyses for C, H and N were carried 
out with a CE instruments EA 1110 Elemental A- 
nalyzer. Infrared spectra were recorded on a Nicolet 
AVATAR FT-IR360 spectrometer by using pressed 
KBr pellet. 1H NMR spectrum was measured on a 
Varian Unity 500MHZ with TMS as internal stan- 
dard. Melting point was determined with an X-4 
melting point apparatus.  
2. 2  Synthesis and characterization 









0.68 g sodium bicarbonate and 1.0 mL carbon 
bisulfide were added to an ethanol solution (20 mL) 
of 0.567 g (0.4 mmol) 1-amino-isoquinolin. The 
mixed solution was stirred and refluxed for about 48 
h, then cooled to room temperature and poured into 
water (50 mL). Excessive carbon bisulfide and 
ethanol were removed by evaporation and filtration. 
When dilute acetic acid was added into the filtrate, 
yellow precipitates were formed, and then filtered 
off under low pressure. The product was recrystal- 
lized from ethanol to give yellow crystals in 12% 
yield (0.11 g). m.p.: 131~132 ℃. Anal. Calcd. (%) 
for C12H12ON2S (Mr = 232.30): C, 62.046; H, 5.207; 
N, 12.059. Found (%): C, 62.044; H, 5.203; N, 
11.975. FT-IR spectrum (KBr pellet, cm–1) υ: 
2978(CH3, m), 1634, 1587, 1536, 1486(C=N, C=C, 
s), 1191(C−O, s). 1H NMR (500MHz, CDCl3) δ ppm: 
1.48(t, 3H, CH3), 4.62(q, 2H, -OCH2), 7.22(d, J = 
6Hz, 1H, H5), 7.56(d, J = 6Hz, 1H, H8), 7.66(t, J = 
8.0Hz, 1H, H7), 7.74(d, J = 8.5Hz, 1H, H4), 7.83(t, 
J = 7.3Hz, 1H, H6), 8.79(d, J = 8.5Hz, 1H, H3). MS: 
m/z 233.0(M++1, 100).  
2. 3  X-ray crystallography  
A yellow prism crystal with dimensions of 0.68 
mm × 0.52mm × 0.46mm was selected and mounted 
on a glass fiber in air. The diffraction data were 
collected on a Bruker Apex-2000 diffractometer us- 
ing a graphite-monochromated MoKα (λ = 0.71073 
Å) radiation with an ω scan mode at 173(2) K. A 
total of 7763 reflections were measured in the 2θ 
range (2.88≤2θ≤25.99º) and 2090 were inde- 
pendent with Rint = 0.0213, of which 2016 were con- 
sidered as observed (I > 2σ(I)). Lorentz-polariza- 
tion and empirical absorption corrections were appli- 
ed to the data. The structure was solved by direct 
methods with SHELXS-97 and refined by full-ma- 
trix least-squares calculations with SHELXL-97 
based on F2[13]. All non-hydrogen atoms were re- 
fined anisotropically. Hydrogen atom attached to 
nitrogen atom N(1) in isoquinoline ring was found 
from difference Fourier maps and the other hydro- 
gen atoms were located at the calculated positions. 
The final R = 0.0322, wR = 0.0882 (w = 1/[σ2(Fo2) + 
(0.0492P)2 + 0.4838P], where P = (Fo2 + 2Fc2)/3), S 
= 1.080, (Δ/σ)max = 0.000, (Δρ)max = 0.219 and 
(Δρ)min = –0.264 e/Å3. 
 
3  RESULTS AND DISCUSSION  
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the product are in good agreement with the title 
compound. Fig. 1 shows the molecular structure of 
the title compound, and the dashed line indicates the 
intramolecular hydrogen bond between sulfur and 
nitrogen atoms. The atomic coordinates and equiva- 
lent isotropic thermal parameters for the non-hydro- 
gen atoms are listed in Table 1, and the selected 
bond lengths and bond angles in Tables 2 and 3, 
respectively. 
 
Table 1.  Atomic Coordinates (× 104) and Equivalent Isotropic Displacement Parameters (Å2 × 103)  
Atom x y z Ueq Atom x y z Ueq 
O(1) 7146(1) 886(1) –1305(1) 23(1) C(5) 13108(1) 3620(2) 666(1) 27(1) 
N(1) 8791(1) 3805(1) 1469(1) 21(1) C(6) 12448(1) 2577(2) –122(1) 26(1) 
N(2) 8668(1) 2095(1) –201(1) 21(1) C(7) 11210(1) 2378(2) –132(1) 24(1) 
S(1) 6454(1) 2187(1) 643(1) 26(1) C(8) 10593(1) 3213(2) 644(1) 20(1) 
C(1) 9286(1) 3020(1) 635(1) 20(1) C(9) 11258(1) 4253(1) 1450(1) 21(1) 
C(2) 9425(1) 4813(2) 2262(1) 23(1) C(10) 7480(1) 1749(1) –290(1) 20(1) 
C(3) 10627(1) 5070(2) 2257(1) 23(1) C(11) 5905(1) 313(2) –1587(1) 24(1) 
C(4) 12528(1) 4441(2) 1436(1) 25(1) C(12) 5867(1) –660(2) –2709(1) 26(1) 
 
Table 2.  Selected Bond Lengths (Å)  
Bond Dist. Bond Dist. Bond Dist. 
O(1)–C(10) 1.3433(16) S(1)–C(10) 1.6820(14) C(5)–C(6) 1.398(2) 
O(1)–C(11) 1.4404(16) C(1)–C(8) 1.4408(19) C(6)–C(7) 1.366(2) 
N(1)–C(1) 1.3419(18) C(2)–C(3) 1.338(2) C(7)–C(8) 1.399(2) 
N(1)–C(2) 1.3679(18) C(3)–C(9) 1.422(2) C(8)–C(9) 1.4076(19) 
N(2)–C(10) 1.3267(18) C(4)–C(5) 1.364(2) C(11)–C(12) 1.496(2) 
N(2)–C(1) 1.3322(18) C(4)–C(9) 1.4043(19)   
 
Table 3.  Selected Bond Angles (°)  
Angle (°) Angle (°) Angle (°) 
C(10)–O(1)–C(11) 119.81(10) C(5)–C(4)–C(9) 120.47(13) C(4)–C(9)–C(3) 122.06(13) 
C(1)–N(1)–C(2) 124.46(12) C(4)–C(5)–C(6) 120.57(13) C(8)–C(9)–C(3) 119.13(12) 
C(10)–N(2)–C(1) 125.16(12) C(7)–C(6)–C(5) 120.12(14) N(2)–C(10)–O(1) 108.74(11) 
N(2)–C(1)–N(1) 125.50(13) C(6)–C(7)–C(8) 120.34(13) N(2)–C(10)–S(1) 130.70(11) 
N(2)–C(1)–C(8) 117.83(12) C(7)–C(8)–C(9) 119.69(13) O(1)–C(10)–S(1) 120.54(10) 
N(1)–C(1)–C(8) 116.67(12) C(7)–C(8)–C(1) 120.85(12) O(1)–C(11)–C(12) 106.17(11) 
C(3)–C(2)–N(1) 120.60(13) C(9)–C(8)–C(1) 119.46(12)   












Fig. 1.  Perspective drawing of the molecule with hydrogen bond. Displacement  
ellipsoids are drawn at 50% probability level and H atoms  
are shown as small spheres of arbitrary radii 
 




The bond length of C(10)–N(2) (1.3267 Å) is 
remarkably shorter than the normal C–N bond (1.47 
Å), but much close to C=N (1.33 Å)[14], suggesting 
that it is a normal C=N double bond. The bond 
length of C(1)–N(2) (1.3322 Å) features a double 
bond, which may be due to the conjugative effect of 
the bond with isoquinoline ring. The bond length of 
C(10)–S(1) (1.6820 Å) is between those of single 
and double bonds (1.82 and 1.56 Å, respectively)[15], 
suggesting that C–S is a single bond. The bond 
length of C(10)–O(1) is 1.3433 Å, shorter than that 
of C(11)–O(1) bond (1.4404 Å), showing that it has 
a double bond feature due to the conjugative effect 
of O(1) atom with C(10) atom. The sum of the bond 
angles of N(2)–C(10)–S(1), N(2)–C(10)–O(1) and 
O(1)–C(10)–S(1) is 360.0°, indicating the C(10) 
atom is of sp2 hybridization. As shown in Fig. 1, the 
compound has one isoquinoline ring and one O-ethyl 
S-hydrogen carbonothioimidate linked by a C–N 
bond at C(1). The isoquinoline ring and N(2), C(10), 
S(1), O(1) atoms form a least-squares plane with the 
mean deviation of 0.0687 Å. The isoquinoline ring 
shows common structural features with the similar 
compound[16]. The hydrogen atom attached to N(1) 
in the isoquinoline ring was found from difference 
Fourier maps. It is plausible to conclude that the 
hydrogen atom comes from thiohydroxy. The depro- 
tonation of SH group and protonation of N(1) atom 
of isoquinoline ring provide one negative and one 
positive charges (Scheme 2), respectively, making 
the compound exists in the form of inner salt. The 
sulfur atom and isoquinoline ring locate at the same 
side, so the compound is in cis-form. There is an 
intramolecular hydrogen bond of N(1)–H(1A)⋅⋅⋅S(1) 









Table 4.  Hydrogen-bonding Geometry (Å and °)  
D–H⋅⋅⋅A D–H H⋅⋅⋅A D⋅⋅⋅A D–H⋅⋅⋅A 












          Fig. 2.  Packing diagram. the dashed lines indicate the face-to-face π-π  
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Packing diagram of the molecule in a unit cell is 
shown in Fig. 2. X-ray analysis reveals that there 
exist face-to-face π-π stacking interactions between 
two isoquinoline rings: cg(1)–cg(2)i separation: 
3.6344(10) Å, vertical displacement of cg: 3.408 Å; 
cg(1)i–cg(2) separation: 3.6343(10) Å, vertical dis- 
placement of cg: 3.374 Å (symmetry code (i): 2–x, 
1–y, –z; cg(1) = N(1)–C(2)–C(3)–C(9)–C(8)–C(1),  
cg(2) = C(4)–C(5)–C(6)–C(7)–C(8)–C(9)).  
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